Water bodies located in arid and semi-arid environments undergo important fluctuations of the water level, and water loss in the dry season may occur through phenomena such as outflow and evaporation. Water scarcity often exacerbates the impact of pollution, because harmful compounds can reach very high concentration values in the presence of relatively low water volumes. Among self-cleansing (depollution) processes of water bodies, photochemical reactions are expected to play an important role in pollutant attenuation, although sometimes they yield harmful intermediates. In this work, the effects of water-level fluctuations on photochemical reactions were studied by means of a modelling approach. The model applies to well-mixed water bodies, such as the shallow ones that are more likely to undergo fluctuations of the water level. We investigated how water outflow and evaporation (as well as a mixed scenario) might modify the steady-state concentrations of the most important photoreactive transients (
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Introduction
Water availability is becoming an increasingly important problem in many areas of the world [1, 2] . A further matter of concern is represented by climate change, which is dangerously shifting the area of water scarcity from traditionally arid sub-tropical and tropical zones to temperate ones. For instance, almost all the Mediterranean area is potentially at risk for a *Corresponding author. Email: davide.vione@unito.it This work was first presented at the 7th European Conference on Pesticides and Related Organic Micropollutants in the Environment and 13th Symposium on Chemistry and Fate of Modern Pesticides, 7-10 October 2012, Porto, Portugal. possible reduction of water availability [3] [4] [5] [6] . Water scarcity presents the additional problem of exacerbating the effects of pollution. In fact, pollutant emission can cause high concentration values in the receiving water body, if water volume is limited [7] [8] [9] . For the same reason, the environmental impact of agricultural activities (e.g. pesticides) or of urban wastewater (containing many emerging pollutants such as pharmaceuticals) on aquatic environments is higher under conditions of water scarcity [10, 11] . Rainfall in arid and semi-arid regions is limited overall but it is often concentrated in a few major events. Therefore, a typical consequence of water scarcity is the considerable seasonal fluctuation of the level of surface water bodies, sometimes up to complete desiccation during the dry season [12] [13] [14] .
Chemical transformation is one of the processes that limit the concentration of pollutants in environmental waters. Photochemical reactions are a very important class of abiotic pathways leading to pollutant degradation, thereby attenuating pollution but sometimes also producing harmful intermediates [15] . Light-induced reactions are usually classified as direct photolysis (where sunlight absorption by the pollutant causes its transformation) and indirect or sensitised photoreactions. In the latter case, radiation absorption by photoactive compounds (e.g. nitrate, nitrite and chromophoric dissolved organic matter, CDOM) induces the generation of reactive transients (most notably the hydroxyl radical,
• OH, singlet oxygen, 1 O 2 , and the triplet states of chromophoric dissolved organic matter, 3 CDOM*). These transients promote transformation of dissolved compounds including organic pollutants [16, 17] . An additional transient, the radical anion carbonate (CO 3 -• ) is produced by oxidation of carbonate and/or bicarbonate by • OH and 3 CDOM* [18] .
All photochemical processes can induce pollutant transformation, but there is evidence that
• OH is a bit less likely to yield harmful intermediates compared to other photoinduced transients or to direct photolysis [19] . Photochemical reactions are strongly affected by irradiance, water chemistry and water depth. Chemistry and depth may undergo remarkable variations in water bodies located in arid or semi-arid environments, because of combination of water drainage, seepage into the underlying substrate, and evaporation [20] [21] [22] . While all such processes considerably decrease water depth, evaporation can also affect chemical composition by concentrating the vast majority of solutes. To our knowledge, information concerning the impact of drainage, seepage and evaporation on photochemical reactions is hardly available in the literature. To fill in this knowledge gap, we have applied a photochemical model that predicts steady-state concentrations of photoinduced transients (
1 O 2 and 3 CDOM*) as a function of variable water chemistry and depth [23, 24] . The model can also predict pollutant transformation kinetics. Compounds to be modelled were chosen depending on available reactivity data, namely photolysis quantum yield and second-order reaction rate constants with photoinduced transients. The chosen compounds in this study belong to the classes of pharmaceuticals (carbamazepine, CBZ, and ibuprofen, IBU) and pesticide metabolites (2,4-dichloro-6-nitrophenol, DCNP, produced by transformation of phenoxy acid herbicides [25] ). Furthermore, the strongly phytotoxic 2,4-dinitrophenol (24DNP) [26] was chosen because it undergoes phototransformation in surface waters almost exclusively by direct photolysis [27] . Therefore, 24DNP is an excellent probe for direct photochemical reactions under the modelled conditions. In the case of the two nitrophenols, the anionic forms were considered because they would prevail over neutral ones in surface waters (pK a DCNP = 4.75, pK a 24NP = 4.08) [26] . [15] [16] [17] 28] . In salt-or brackish waters, bromide is an important
• OH scavenger, too [29] .
Note that reaction (1) [30] is not the only process by which CDOM could produce
• OH [31] . The production of
• OH by irradiated CDOM is still a controversial pathway, which might also (or exclusively) proceed via a photo-Fenton process [32] , involving H 2 O 2 and Fe complexes that have DOM moieties as ligands. Anyway, the photochemical model used here (vide infra and see Supplementary Online Material, hereafter SOM) considers the experimentally determined quantum yield of
• OH generation by CDOM [28] , independently of the actual • OH formation pathway. As far as reaction (4) is concerned,
• OH can react with organic compounds by electron or H-atom abstraction, and by addition to double bonds and aromatic rings [33] . Note that nitrate, nitrite and CDOM compete for sunlight irradiance, and that CDOM acts as an effective inner filter for nitrate and nitrite in deep water [23] .
Radiation absorption by CDOM yields excited singlet states that by inter-system crossing (ISC) produce excited triplets ( 3 CDOM*). The latter can react with dissolved organic compounds by energy, electron or H-atom transfer [17, 34] . Additional reactions can take place with O 2 to produce 1 O 2 and with carbonate to give CO 3 -• [18, 35] .
Reaction (9) and thermal deactivation are the main sinks of 3 CDOM* in surface waters and they yield an overall first-order deactivation rate constant k3 CDOM Ã~5 · 10 5 s -1 [36] . Singlet oxygen is produced in reaction (9) and mainly inactivated by collision with water molecules, with pseudo-first order inactivation rate constant k1 O 2 = 2.5 · 10 5 s -1 [37] . The radical CO 3 -• is produced by reactions (5), (6) and (10) and mainly scavenged by DOM, with second-order rate constant [18] . The reactions of CO 3 -• with organic compounds mainly proceed by one-electron abstraction [38] . In addition to the cited transients, additional species such as O [23] . The model considers penetration of sunlight at different wavelengths in the water column, by means of a Lambert-Beer approach for every single λ value (included in the 300-800 nm range). This is followed by numerical integration over λ to obtain the photon fluxes absorbed by photoactive species (CDOM, nitrate and nitrite) and the formation rates of the relevant transients. Competition for irradiance between CDOM, nitrate, nitrite and dissolved pollutants is taken into account in a Lambert-Beer approach. Water absorption spectrum A 1 ðλÞ (cm -1 units) was modelled by the exponential equation A 1 ðλÞ ¼ 0:45 AE 0:04 ð ÞÁDOC Á e ÀSÁλ , where DOC is the dissolved organic carbon and S = 0.015 ± 0.002 nm -1 is the spectral slope [40] . Values of S in the 0.013-0.017 nm -1 range can be found in a variety of water environments in different locations (inland, both highland and lowland, and near-coastal zones including brackish waters [40] [41] [42] ).
The optical path length of sunlight into the water body depends on depth, solar zenith angle and water refraction, while reflection of sunlight at the air-water interface can be neglected as a first approximation [43] . Combination of zenith angle and refraction produces an optical path length that is a bit longer than water depth. Note, however, that many ephemeral and fluctuating water bodies would be located in arid zones that are quite common around 30°latitude (the socalled subtropical ridge). Correction for solar zenith angle and refraction under such conditions [43, 44] , within 4 h from noon (when photoreactions are most active) during summer months (when water loss processes are most likely) gives an optical path length that is within 1.15 times the water column depth. Neglecting such a variation greatly simplifies model handling and does not add much to the overall uncertainty. Even at temperate latitudes (e.g. 45°) within 4 h from noon in summer, the optical path length would be at most 1.15-1.20 times the water depth. By comparison, model uncertainty (±σ) on
• OH formation rate is 5% from nitrate, 10% from nitrite and 15% from CDOM, to which a further 15% uncertainty should be added as far as
• OH scavenging is concerned. Uncertainty on 1 O 2 and 3 CDOM* formation rates from CDOM is in the 25-30% range, and it increases to 30-35% as far as the secondary pathway of CO 3 -• formation from 3 CDOM* is concerned [28, 40, 45] . The model calculates steady-state concentrations of
1 O 2 and 3 CDOM* for a sunlight irradiance of 400 W m -2 (290-800 nm, of which 22 W m -2 in the UV region, 290-400 nm) [23] . It would correspond for instance to 9.50 am on cloudless 15 July at 30°latitude, and to 10 am on cloudless 15 July at 45°latitude [28, 44] . It is possible to model the transformation kinetics of pollutants from concentration values of transients, provided that the relevant second-order reaction rate constants are known [45] . Indeed, pseudo-first order degradation rate constants are obtained as the product between second-order rate constants and steady-state concentrations of transients, and one has to know the average transient concentrations in the whole water column. For this reason, the model returns column-averaged [
rather than their trend with depth. The model also predicts transformation kinetics by direct photolysis, based on pollutant (and water) absorption spectrum and on photolysis quantum yields [46] .
An important issue is that the model takes well-mixed surface water into account. In the case of sufficiently shallow lakes, mixing can be relevant to the whole column. In the case of deep and stratified lakes, it is relevant to the epilimnion. The present work does not consider depth values higher than 10 m, thus thorough mixing can be reasonably assumed. Mixing has an important consequence on pollutant phototransformation because it maintains constant concentration values of pollutants within the column. In contrast, the steady-state concentrations of photoinduced transients are considerably higher at the water surface than in the deeper layers, because of higher sunlight irradiance at the surface. Phototransformation would mostly take place at the surface but the development of a pollutant concentration gradient with depth is prevented by mixing, which is usually faster than photochemical reactions. As a consequence, the transformation kinetics of a pollutant by e.g.
• OH in a well-mixed water column depends on the mean [
• OH] within the whole column, which averages the elevated surface concentrations and the much lower ones at the bottom [47] . The same issue holds for other photoinduced transients. In our model, the reported steady-state concentrations of transients are averages within a water column of depth d.
The time unit adopted by our model is the time taken by sunlight in cloudless sky to deliver 7.5 · 10 5 J m -2 UV energy to the ground (e.g., 9.5 hours of light at an average UV irradiance of 22 W m -2 ) [23, 24] . Hereafter, this will be the meaning of the term "day" as far as the model output is concerned (note that modelled pseudo-first order degradation rate constants have units of day -1 ). Such a time unit corresponds for instance to fair-weather 15 July at 45°latitude or to 25 August at 30°latitude [28, 44] . A more complete description of the model, including all the model equations is reported as SOM.
Model application to fluctuating water environments
Water bodies in arid and semi-arid regions are often characterised by very large fluctuations of the water level, sometimes up to complete desiccation in the dry season because water loss is not compensated for by inflow or precipitation [12] [13] [14] . Water loss may occur by several phenomena including surface drainage, seepage or evaporation, the most likely scenario being a combination of the three processes. Both drainage and seepage would modify water depth (taken here as the average depth of the water body), with limited effect on water chemistry. Therefore, they will be considered together under the term "outflow" and no further differentiated. Three scenarios were taken into account in this work: the two extreme conditions of pure outflow and pure evaporation, basically to get insight into the effect of such processes on photochemistry, and a mixed case where half of the water is lost by outflow and the other half by evaporation. In the pure outflow scenario, concentration values of solutes would be constant as a first approximation when the water level decreases. We assume an initial condition with depth d o = 10 m and solute concentration c o . We also assume d < d o as the column depth value resulting from water loss, with
as the fraction of initial depth. In the absence of other phenomena, the concentration of a given solute for f < 1 would be c = c o . In the evaporation scenario, as a first approximation the mass of solutes is preserved and concentration values increase as the volume decreases. Abiotic or biochemical processes can be operational and further modify the concentration of inorganic ions or of DOC. However, such events are expected to be quite different in different water bodies and they were not considered here, but a caveat concerning CaCO 3 precipitation is commented where relevant. Because of evaporation, the concentration c of a given solute at a fraction f <1 of the initial depth is c = c o f
, where c o is the concentration at d o = 10 m. In the mixed scenario, half of the water is lost by outflow and half by evaporation. In such a case, the following equation holds for solute concentration at the usual fraction f < 1 of the initial depth:
In the above discussion it is hypothesised that water is thoroughly mixed. This is obviously an approximation, which is nevertheless justified in shallow waters. In all three scenarios the photochemical model was used to determine variations of the column-averaged steady-state concentrations of photoinduced transients (
O 2 and 3 CDOM*), and of the photodegradation kinetics of model pollutants. As far as the latter are concerned, compounds were chosen for which reaction rate constants with the relevant transients are available. Selected compounds were: (i) the anti-epileptic drug carbamazepine (CBZ), which undergoes degradation mostly by direct photolysis and • OH reaction [48] ; (ii) anti-inflammatory ibuprofen (IBU), transformed by direct photolysis,
• OH and 3 CDOM* [49] ; (iii) 2,4-dichloro-6-nitrophenol (DCNP), a toxic secondary pollutant [50] that derives from phenoxyacetic acid herbicides [25] (DCNP is mainly degraded by direct photolysis,
• OH and 1 O 2 [51] ); and (iv) 2,4-dinitrophenol (24DNP), used in several industrial applications or formed as secondary pollutant [52] . 24DNP is mostly transformed by direct photolysis [27] . Photolysis depends on competition for irradiance between the substrate and other water components [40] , but it is independent of the steady-state concentrations of photoinduced transients. This issue accounts for the choice of 24DNP in this work. Table 1 reports available data for reaction rate constants and quantum yields of the studied compounds. The photolysis quantum yield of IBU is particularly high, but it is largely offset by the very limited ability of this compound to absorb sunlight [49] . In contrast, the much lower quantum yield of 24DNP is largely compensated for by the substrate ability to absorb sunlight between 300 and 500 nm [53] . In the case of CBZ, IBU and DCNP, the model has been validated for its ability to predict substrate transformation kinetics under field conditions [48, 49, 51] . The reaction rate constants with 3 CDOM* reported in Table 1 have been determined by using anthraquinone-2-sulphonate (AQ2S) as probe molecule [48, 49, 51] . They may represent upper limits for 3 CDOM* rate constants, owing to the elevated reactivity of the AQ2S triplet state [56] .
In the case of outflow, where concentration values of solutes would not vary, it was possible to extend the model to near-zero depth. In the other scenarios, water evaporation might increase solute concentration values beyond the levels where the model has the support of experimental data [28, 40, 45] . Under such circumstances, scavenging by DOM of 3 CDOM* and 1 O 2 could become significant [57] . Moreover, phenolic antioxidants present in DOM could substantially inhibit 3 CDOM*-sensitised transformation of organic pollutants [58] . To prevent the model from producing questionable data, in the evaporative and mixed scenarios the simulation was only performed down to f = 0.1, which corresponds to 1 m depth and (in the evaporative scenario) 10-fold solute concentration compared to f = 1. Lower f values (shallower water, implying higher solute concentrations if evaporation takes place) were not taken into account. [55] . ***These values have been determined by using anthraquinone-2-sulphonate (AQ2S) as a proxy molecule for CDOM. Therefore, they are the rate constants with AQ2S triplet state ( The lower is f, the higher is the water loss and the shallower is the water column. 
Results and discussion

Effects on photoinduced transients
] is that
• OH is much more reactive than CO 3 -• towards DOM. This reactivity difference is usually maintained in the case of dissolved pollutants [59, 60] , and it can compensate for the lower steady-state concentration of
• OH. To allow all concentration values to be plotted against the same Y-axis and to maintain plot readability, [CO 3
] was divided by a factor of 10 or even 100 and [
• OH] was often multiplied by 10. In such cases, indications are reported on the plots. Figure 1a shows that all concentrations increase with decreasing f. Remembering that the reported concentration values are averages over the whole column, their increase is a consequence of the fact that the bottom layers of a deep water body are poorly illuminated by sunlight. In fact, in a deep water body practically all radiation is absorbed in the first few metres from the surface. Most notably, radiation at shorter wavelengths is absorbed that is more effective in inducing photochemical reactions. Because of radiation absorption in the upper layers, transient concentrations in the deeper zone are very low and they decrease the columnaveraged values. In contrast, a shallow water body is more efficiently illuminated and, because of fewer dark zones, the average steady-state concentrations of photoinduced transients are higher. Also note that the model uncertainty is around 30-40% [49, 51] , thus the reported changes of the steady-state concentrations (Figure 1a) CDOM* would be produced by CDOM alone. CDOM itself is the main radiation absorber in surface waters between 300 and 500 nm [61] . It acts as a filter that decreases the radiation absorption by nitrate and nitrite to an extent that depends on wavelength and depth. The screening effect of CDOM is higher in the UVB than in the UVA region, thus it affects UVB-absorbing nitrate more than nitrite, which has an absorption maximum in the UVA [62, 63] . If f is very low (very shallow water), the three species absorb radiation almost independently and radiation absorption by nitrate and nitrite is not decreased by CDOM. With increasing f, the filter effect by CDOM becomes more important and decreases the absorption of radiation by ) is inversely proportional to f, because V / f. In other words, n P increases with decreasing f because sunlight-absorbing solutes are concentrated by water evaporation. For the same reason, the absorbed photon fluxes per unit volume (P
. The relevant formation rates of photoinduced transients (R OH , R1 O 2 and R3 CDOM Ã ) are the product of absorbed photon fluxes times depth-independent quantum yields [23, 24] , and they are / f -1 as well. Steady-state concentrations of transients are obtained as the ratio between formation rates and scavenging (or deactivation) rate constants. For instance,
. In this case, the deactivation rate constant k1 O 2 depends on 1 O 2 collisions with solvent molecules and it is independent of the concentration of solutes (at least if DOC is not too high, for which reason the modelling was not extended to f < 0.1) [37] ]. The same issue would be less important in Mg-rich and Ca-poor water, because MgCO 3 is more soluble than CaCO 3 [65] . Precipitation of CaCO 3 would also be enhanced by increasing temperature that is expectedly connected with evaporative concentration. In contrast, temperature is not expected to increase much the rate of photochemical reactions [66] . Figure 2 compares the impact of the three different scenarios of outflow, evaporation and the mixed one, in case A (0.1 mM nitrate and 1 µM nitrite), on the column-averaged steady-state concentrations of
• OH (2a), CO 3 -• (2b), 1 O 2 (2c) and 3 CDOM* (2d). To allow easier comparison, data are plotted in the range 1 ≥ f ≥ 0.1 for all the scenarios. It clearly appears from the figure that [
• OH] and [CO 3 Figure 3a shows that all transients undergo quite similar increase with decreasing f, differently from Figure 1a ( Figures 1-3 , one sees that a decreasing water depth would be generally favourable to photochemical processes. This may happen either because the water body is better illuminated, or because the same processes take place in a smaller volume. These issues would influence the various photochemical reactions to a different extent. Outflow is expected to enhance all processes, but those involving Figure 4 reports the overall first-order transformation rate constants of CBZ, IBU, DCNP and 24DNP, as a function of f. As usual, relevant scenarios are outflow (4a), evaporation (4b) and the mixed one (4c). Data were computed for case A, namely high nitrate and nitrite (0.1 mM and 1 µM, respectively). There is a general increase of the rate constant values with decreasing f, because photochemistry would proceed faster as water becomes shallower. However, details are different depending on substrate and scenario. In the case of outflow (4a), reaction rate constants of CBZ and IBU undergo greater increase with decreasing f compared to DCNP and 24DNP. While no selected compound reacts significantly with CO 3 -• (see Table 1 ), the role of
Effects on pollutant phototransformation
• OH in phototransformation decreases in the order CBZ (over 80%) > IBU (25-30% depending on f) > DCNP (15-30%) > 24DNP (5-10%). The percentage of substrate degradation accounted for by each photochemical process under the different conditions is reported in Figure 5 . Owing to more important reaction with
• OH, CBZ and IBU are more affected than other substrates by the very significant increase of [
• OH] as water becomes shallower (see Figure 1a) . Note that 24DNP would mainly be transformed by direct photolysis, and the increase of its transformation rate constant has similar explanation as for CDOM photolysis: the reaction is faster in shallow water because the bottom layers of a deeper water body are poorly illuminated by sunlight. Also note that, for instance, k tot = 0.4 day -1 means that the half-life time of the pollutant is t ½ = ln 2 (k tot ) -1~2 days, and k tot = 0.1 day -1 means t ½~7 days. Figure 4b reports rate constant values vs. f in the evaporation scenario, showing that the rate constants of IBU and DCNP undergo a more important increase with decreasing f compared to CBZ and 24DNP. In the case of CBZ 60-85% of transformation would be accounted for by
• OH (see Figure 5) , the steady-state concentration of which would not vary during evaporative concentration (see Figure 1b) . The relative importance of the • OH reaction is lower at low f, which accounts for the fact that CBZ rate constant undergoes a (however small and little significant) increase at low f because of increased 3 CDOM* concentration. 24DNP would be transformed by • OH (~5%) and most notably by direct photolysis (~95%). The photolysis rate constant of 24DNP is predicted not to change with changing f. To understand this, one should consider the competition for sunlight irradiance, as a function of f, between 24DNP and the other water components. At any relevant wavelength λ, the dependence of the photon flux density absorbed by 24DNP (p 24DNP a ðλÞ) on the absorbance values of 24DNP and water is described by Equation (13) 
Note that p 24DNP a ðλÞ and p°(λ) are independent of f and have units of Einstein cm -2 s -1 nm -1 (see Figure SOM1 ). The photon flux absorbed by 24DNP in the water volume (units of Einstein L -1 s -1 ) can be expressed as follows (see also Equation (24) in SOM) [66] :
(where Φ 24DNP = 3.4 · 10 -5 is the photolysis quantum yield of 24DNP [50] ) gives the rate of 24DNP photolysis, R Figure 4c shows the rate constants trend in the mixed scenario, for which the model predicts an overall enhancement of phototransformation kinetics with decreasing f, to a higher extent for IBU and DCNP compared with CBZ and 24DNP. Figure 6 reports rate constant trends with f in case B (low nitrate and nitrite). Figure 6a represents the outflow scenario, where the increase of CBZ and IBU rate constants with decreasing f is less marked than in Figure 4a (referred to case A). In case B the importance of
• OH in phototransformation is lower than in case A (see Figure 7 for the percentage of pollutant degradation that is accounted for by each pathway), and there is a comparatively more important role of other processes (e.g., direct photolysis and 3 CDOM*). As far as 24DNP is concerned, the rate constant increase is almost totally accounted for by enhanced direct photolysis:
• OH reaction contributes less than 2% to 24DNP transformation under these circumstances. Figure 6b reports the rate constants in the evaporation scenario. The flat trend of 24DNP is attributable to direct photolysis (contributing to >98% transformation) and has the same explanation as for Figure 4b . CBZ rate constant does not vary between 0.6 < f < 1.0, where • OH accounts for over 50% transformation and direct photolysis is also important. The (relatively small) increase of CBZ rate constant at low f is attributable to 3 CDOM*. Reactions with 3 CDOM* and 1 O 2 also account for the rate constant increase of IBU and DCNP with decreasing f. Figure 6c reports the trends in the mixed scenario, where the rate constants of IBU and DCNP undergo a more important increase with decreasing f compared to 24DNP and CBZ.
An interesting issue of Figures 4 and 6 is that photochemical reactions are predicted to be quite fast when f is low. The corresponding half-life times of substrates would be of a few days, meaning that photochemical processes could be important not only in lakes, where water residence time can be high, but in some cases also in rivers where the time available for light-induced processes is usually lower [67] .
Conclusions
It is possible to model the effects of water loss on photochemical processes, with the exception of extreme phenomena that could be caused by evaporation. The latter may produce too high solute concentrations, compared to experimental data on which the adopted photochemical model is based.
Water loss can be attributed to outflow (combination of surface drainage and seepage, which would mostly preserve solute concentration values), evaporation (which preserves the mass of solutes while their concentrations increase) or, most frequently, some combination of both. Under the above circumstances, the overall photochemical transformation kinetics of pollutants would be enhanced as water is lost. Different photochemical reactions would be affected to a different extent, also depending on the prevailing mechanism of water loss. Outflow would enhance all processes, but particularly those involving
• OH and CO 3 -• if nitrate and nitrite play a significant role as • OH sources. The reason is that in shallow water nitrate and nitrite undergo less competition with CDOM for irradiance, and their ability to photochemically generate • OH is consequently enhanced. Direct photolysis of pollutants is enhanced by outflow, because at equal water chemistry the bottom layers of a shallow water body are better illuminated than those of a deep one. Enhancement of direct photolysis would be higher for compounds that absorb sunlight in UV and most notably in the UVB region, because competition with CDOM for irradiance is more important in the UVB.
Evaporative water loss would modify very little the column-averaged [
• OH] and [CO 3 -• ], because the relevant formation and scavenging processes would be enhanced to the same extent and the two effects would compensate for each other. Also direct photolysis processes would not be modified by evaporative water loss, which would not change absorbance values or competition of solutes for irradiance. In contrast, water evaporation is expected to enhance processes mediated by 3 [19] . However, in the case of outflow as predominant scenario, the fate of water that is lost from the water body and of its contaminants should also be taken into account. Drainage would probably spread water over a larger surface, with an overall enhancement of photochemistry because of reduced water depth. In contrast, seepage through soil into groundwater would subtract the lost water from sunlight exposure, thereby stopping photochemical reactions.
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